The protective immunity conferred by T-cell subsets against infection with Treponema pallidum subsp. pertenue was studied. We demonstrated that hamster T cells can be separated into two subsets by monoclonal antibody (MAb) GK 1.5 (anti-L3T4) and MAb 38. Eighty-five percent of hamster thymocytes were L3T4+ and 87% were 38+ cells; 84% were dual positive for MAbs anti-L3T4 and 38. In the peripheral lymph nodes, however, the L3T4+ and 38+ T cells were mutually exclusive according to two-color immunofluorescence analysis. The two T-cell subsets were found to be functionally distinct according to their secretion of interleukin 2 (IL-2) when stimulated with concanavalin A. The L3T4+ cells secreted IL-2 and had characteristics of T helper cells, while the 38+ cells did not secrete IL-2 and appeared to be T cytotoxic-suppressor cells. Transfer of 4 x 106 helper or cytotoxic-suppressor T lymphocytes from T. pallidum subsp. pertenue-immune hamsters protected irradiated naive hamsters against challenge with this subspecies. IL-2 production could still be detected in the irradiated recipients 12 days after irradiation of naive recipients, although at a low level. This suggests that the remaining lymph node cells could support the survival and expansion of the infused cytotoxic-suppressor T cells. No accumulation of macrophages was observed in regional lymph nodes of immune T-cell recipients within 10 days of infection. Instead, there was an influx of polymorphonuclear neutrophils in all animals injected with T. pallidum subsp. pertenue. This report demonstrates that hamster T cells can be separated into two phenotypically and functionally distinct subsets and that both T-cell subsets confer protection against challenge with T. pallidum subsp. pertenue.
Immunity to challenge with Treponema pallidum subsp. pallidum and other virulent treponemes develops during the course of infection (3, 15, 22) . However, the mechanism of resistance against infection with virulent treponemes is poorly understood. This lack of understanding of the immune mechanism is primarily due to lack of appropriate animal models for studying cell-mediated immune responses and unavailability of monoclonal antibodies (MAbs) to distinguish lymphocyte subpopulations. Classically, rabbits have been used as the experimental animals; however, inbred rabbits are not readily available for cell transfer studies. Recently, inbred hamsters have been used for studying immune responses to infection with treponemes (3, 15, 27, 28) . When infected, hamsters produce chronic skin lesions and their lymph nodes increase in weight and contained measurable numbers of treponemes (27, 28) . Hamster T and B cells can also be separated by using MAb 14-4-4s (15, 38) . In addition, Witte et al. (37) have been able to separate hamster T cells into two subsets by using MAb 38 , which presumably identifies hamster cytotoxic T cells. These advances have made hamsters suitable for studying antibody-and cell-mediated immunity against infection with treponemes.
Azadegan et al. (3) have shown that passive transfer of immune serum protects recipients against infection with T. pallidum subsp. pertenue. Donors of immune serum, however, were unable to eliminate the treponemes from their own system (3) , suggesting that other immune components are also important in determining the fate of the invading treponemes.
We have shown previously (15) that naive hamsters injected subcutaneously in the hind paws with 4 x 106 T cells (Ig-Ia-) from immune hamsters are resistant to challenge with T. pallidum subsp. pertenue in the absence of detectable antitreponemal antibodies (titer, <1:80). The popliteal lymph nodes of hamsters receiving immune T cells weighed less and had significantly fewer treponemes than lymph nodes from hamsters infused with cells from nonimmune donors. These results suggest that T cells are involved in protective immunity to infection with T. pallidum subsp.
pertenue.
In this paper we show for the first time that hamster T cells can be separated into two phenotypically and functionally distinct subpopulations by using MAb GK 1.5 and MAb 38. The T-cell subset recognized by MAb GK 1.5, L3T4+ cells, has the characteristics of helper T cells, whereas 38+ cells have the characteristics of cytotoxic-suppressor T cells. The distributions of these T-cell subsets in the thymus and in the peripheral lymph nodes are similar to those in mice and humans (13, 29 (35) . The strain has been maintained by passage in hamsters (28) . The inguinal lymph nodes of hamsters were removed aseptically 5 to 6 weeks after intradermal injection of 106 viable treponemes into the inguinal region. The lymph nodes were teased apart in RPMI 1640 medium (GIBCO, Long Island, N.Y.) containing 5% fetal bovine serum (Hyclone Laboratories, Inc., Logan, Utah) and forced through sterile 60-mesh stainless-steel wire mesh filters. After centrifugation at 270 x g for 3 min to remove cellular debris, the number of treponemes in the supernatant was determined by dark-field microscopy (18) . The suspension of treponemes was dispensed into vials at a concentration of 5 x 106/ml and stored at -70°C until used.
Antibody reagents. Hybridoma cell lines 14-4-4s and GK 1.5 producing murine anti-Ia MAb 14-4-4s and MAb anti-L3T4 were provided by Colleen Hayes (University of Wisconsin, Madison). MAb GK 1.5 has a specificity for the mouse L3T4a molecule and was originally described by Dialynas et al. (6) . MAb 14-4-4s recognizes the Ia.7 specificity that is present on I-Ek in the mouse and is specific for hamster B cells as previously described (15, 21) . The hybridoma cell lines 14-4-4s and GK 1.5 were grown in RPMI 1640 medium containing 10% fetal bovine serum or Dulbecco's minimum essential medium containing 15% fetal bovine serum, respectively. Five days after cultivation, the supernatant was centrifuged at 270 x g, collected, dispensed in 5-ml aliquots, and stored at -20°C. The aliquots were thawed on the day of experimentation and used at a final dilution of 1:10. MAb 38 (hamster cytotoxic-suppressor T-cell marker, immunoglobulin G2a) ascitic fluid was maintained at -70°C, thawed, and used at a 1:50 dilution (37) . All antibody reagents were titrated to optimal concentrations before experimentation. Mab 38 was also labeled with biotin (10, 32 (5) .
Passive transfer of protection. Thirty hamsters were infected intradermally in the inguinal region with 5 x 105 viable T. pallidum subsp. pertenue treponemes. At 10 to 16 weeks after infection, the hamsters were treated with penicillin (4,000 U) to terminate infection (27) . Pooled immune lymph node cells were obtained from these hamsters 10 days after treatment with penicillin. No treponemes were observed in the suspensions of immune cells. Normal lymph node T cells were also obtained from hamsters 10 days after penicillin treatment. Lymph node T cells or T-cell subsets (4 x 106 cells per hamster) were injected subcutaneously into the right hind paw. All hamsters were then challenged intradermally by injecting 5 x 105 viable T. pallidum subsp. pertenue treponemes in the popliteal region. Hamsters were sacrificed 3 weeks after infection. Although inbred hamsters were used in this investigation, all recipients of cells were irradiated as a means of creating a more suitable environment for the proliferation of the transferred cells. Wholebody gamma irradiation (500 rads) was delivered with a cobalt-60 irradiator (Picker Co., Cleveland, Ohio). (Fig. 1B, quadrant 2) , whereas in the peripheral lymph node, the expressions of L3T4 and 38 determinants were mutually exclusive (Fig. 1C) . We concluded from these analyses that the distribution of the two T-cell subsets in the hamster is similar to that observed in mice (29 (Fig. 2) . Unfractionated whole-lymph-node cells responded to ConA in the absence or presence of rIL-2. In addition, examination of the supernatants of ConA-treated L3T4+ and 38+ cells revealed that L3T4+ cells secreted IL-2 (5.4 U/ml) when stimulated with ConA, whereas 38+ cells were unable to secrete IL-2 (<1 U/ml) when stimulated with ConA. Unfractionated whole-lymph-node cells responded to ConA stimulation by secreting 40 U of IL-2 per ml. Similar results were obtained when this experiment was performed by labeling enriched lymph node T cells with MAb 38-FITC, collecting both 38+ and 38-(L3T4+) cells by flow cytometry sorting, stimulating the T-cell subsets with ConA in vitro, and then testing the culture supernatant with the IL-2-dependent cell line (data not shown). These results suggest that the two T-cell subsets differ both phenotypically and functionally.
Protection conferred by T-cell subsets against infection with T. pallidum subsp 12 days. The results indicate that the amount of IL-2 produced from lymph node cells of irradiated hamsters is lower than that from lymph node cells of nonirradiated hamsters (Fig. 3A) . The results also suggest that the number of viable cells decreased significantly within 1 day after irradiation and remained at a low level even 12 days later (Fig. 3B) .
Accumulation of phagocytic cells in lymph nodes of hamsters receiving immune T cells. The ability of immune T cells to recruit phagocytic cells into the infected lymph nodes was findings in that a significant influx of lymphocytes into the area of infection was not seen early on. Furthermore, the influx of cells observed later might be due to the accumulation of treponemes in the lymph node and might be irrelevant ned by taking lymph node cells from recipient ham-to the protection that is observed before 21 days of infection.
nfected with T. pallidum subsp. pertenue and perform-
The second explanation needs to be elaborated. An accumuerward-and 90-angle light scatter analysis by flow lation of macrophages has been observed in rabbit testes
Letry. Figure 4A and B illustrate the bitmap of a normal infected with treponemes prior to resolution of orchitis (16) . (25) . Podwinska (24) Fig. 3A indicate that lymph node cells in hamsters irradiated with 500 rads produce as much IL-2 as cells from normal nonirradiated animals. The results should be interpreted with caution, however, because the number of viable cells from irradiated lymph nodes was adjusted to the same concentration as that of the normal lymph nodes in order to evaluate IL-2 production in ConA-stimulated cultures. It is clear from Fig. 3B that the total number of live lymphocytes declined significantly in irradiated lymph nodes. Sprent et al. (31) , however, showed that cytotoxic cells do not require help from IL-2-producing cells to function in vivo.
Recently, -y5F T cells have been shown to be activated and presumably involved in the protective immune response against Mycobacterium tuberculosis (12) . These -yb+ CD4-CD8-T cells have not been described in the hamster, nor is it known if they are involved in protection against infection with T. pallidum subsp. pertenue. It is possible that the CD4-CD8-T cells exist in the 38-population and mediate protective immunity. Cross-contamination of 38+ T cells with the 38-T-cell population and vice versa might have occurred. However, only 3 to 7% cross-contamination was detected, which is approximately 3 x 105 cells. Previously, we showed that 4 x 106 cells are required to confer protection (15) . This small number of contaminating cells may not have contributed to the protection observed. We cannot exclude cooperation between the T-cell subsets.
Finally, treponemes have been shown to acquire host proteins (2, 7), which might protect the treponemes from immune recognition. In addition, Radolf et al. (26) showed that treponemes possess few surface protein antigens, which might contribute to poor antigenicity. These factors could explain the survival of treponemes in the presence of treponemicidal antibody, immune T cells, and macrophages.
We have been able to separate hamster T cells into two phenotypically and functionally distinct subsets, L3T4+ (T helper) and 38+ (T cytotoxic-suppressor) cells. For the first time, it has been demonstrated that both T-cell subsets can confer protective immunity against infection with T. pallidum subsp. pertenue. We were unable to demonstrate recruitment of macrophages into the lymph nodes of hamsters that had been infused with immune T cells. This suggests that other protective mechanisms may be used by the T cells or T-cell subsets. Additional experiments are needed to determine why the host cannot eradicate treponemes completely despite the presence of both cell-and antibodymediated imnmune responses. The availability of an inbred hamster model and monoclonal reagents provides a unique opportunity to gain insight into the mechanisms of cellmediated immunity against treponemal infection.
